Plantago ovata Forsk is a medicinally important plant. Metallothioneins are cysteine rich proteins involved in the detoxification of heavy metals. Molecular cloning and modeling of MT from P. ovata is not reported yet. The present investigation will describe the isolation, structure prediction, characterization, and expression under copper stress of type 2 metallothionein (MT2) from this species. The gene of the protein comprises three exons and two introns. The deduced protein sequence contains 81 amino acids with a calculated molecular weight of about 8.1 kDa and a theoretical pI value of 4.77. The transcript level of this protein was increased in response to copper stress. Homology modeling was used to construct a three-dimensional structure of P. ovata MT2. The 3D structure model of P. ovata MT2 will provide a significant clue for further structural and functional study of this protein.
Introduction
The seed husk of Plantago ovata Forsk has been used as a dietary fiber for a long time, and more recently it has been shown to reduce the development of endothelial dysfunction, hypertension, and obesity [1] . The plant has been shown also to reduce carbohydrate absorption and postprandial rise of glucose and insulin levels in type 2 diabetes patients [2] . It also lowers plasma lipids by altering hepatic and bile acid metabolism [3] . Studies on the effect of aqueous extracts of P. ovata in patients with diabetes found that it can reduce hyperglycemia via inhibition of intestinal glucose absorption and enhancement of motility [4] .
Heavy metal ions play essential roles in many physiological processes. Among these, copper (Cu) is an essential micronutrient in plants. It is a component of several electron transport enzymes and is involved in catalyzing the redox reactions in mitochondria and chloroplasts [5] . Copper also plays important roles in respiration, carbohydrate distribution, protein metabolism, water relations, reproduction, and disease resistance [6] . However, at high concentration, this metal can inhibit plant growth, causes degradation of chlorophyll, and impedes photosystem (PS) II activity [7, 8] . Soil can be naturally rich in heavy metals [6] which become the major pollutant by industrial processes, such as steel production and petroleum processing [9] . Copper is considered to be one of the most important pollutants of agricultural soils [6] . Sources of Cu contamination include mining and smelting; urban, industrial, and agricultural wastes; and the use of fungicides and herbicides [10] . A general mechanism of copper toxicity may be the generation of harmful reactive oxygen species (ROSs) which can damage biological molecules (DNA, RNA, and proteins) and membranes by inducing lipid peroxidation [5] . In response to toxic levels of heavy metals, plants evolved a suitable mechanism that controls the uptake and accumulation of both essential and nonessential heavy metals by synthesizing cysteine-rich, metal-binding peptides like metallothioneins which in turn helps in detoxification of heavy metals by chelation and sequestration in the vacuole [11, 12] .
Metallothioneins (MTs) can protect cells against the toxic effects of copper by chelating heavy metal [13] . MTs are proteins rich in cysteine (Cys or C) residues that bind heavy metals and play a role in buffering the intracellular concentration of free thiophilic metal ions, such as Cu, Zn, and Cd [14] . MTs are widely distributed among the animal and plant kingdom. MTs are low molecular weight proteins which contain two metal-binding, cysteine-rich domains linked by a Cys-free spacer which varies between plant and animal [12] . MTs also play important roles in regulation of metalloenzymes and transcription factors, scavenging of reactive oxygen species, metabolism of metallodrugs and alkylating agents, response to stress conditions, and apoptosis [15] . Classically, MTs were grouped into three classes according to their sequence similarities [12] . Afterward, it was classified into 15 families on the basis of taxonomic relationships, with plant MTs being placed into Family 15 [16] . All plant MTs (class II) were further distributed into four types, according to the distribution of cysteine residues in the amino-and carboxy-terminal regions similarities. The spacer region separating these domains in Type 2 MTs is much more variable between species [12] . In the present study, we found that amino acid sequence of Plantago ovata MT2 is very similar to Plantago major MT2, and the only difference between them was in the spacer region. Several plant MT proteins are found in the data base but very little experimental structural information has yet been reported so far due to difficulties in protein purification. The structure is very useful to understand the biological features and functions of a protein. Therefore, theoretical method is needed to predict the three-dimensional structure of proteins.
A novel finding of metallothionein type 2 gene from Plantago ovata is reported here. The objective of the present work is to investigate the MT2 expression pattern against copper toxicity. The isolated and molecular characterized MT2 transcript and its predicted structure contribute to a better understanding of MT2 on the basis of structurefunction relationship in an important medicinal plant like P. ovata.
Materials and Method

Plant Material and Treatment. Seeds of Plantago ovata
were collected from Gujarat, India. The seeds were sterilized in 10% sodium hypochlorite and washed five times to wash off the excess bleach totally from the seed surface and imbibed in sterilized distilled water. Next day, the seeds were transferred to agar-sucrose media containing 3% (w/v) sucrose (SRL, Mumbai, India) and 0.9% (w/v) agar (SRL, Mumbai, India) for germination according to the method as described by Das and Sen Raychaudhuri [17] . Eight-dayold seedlings were transferred to liquid Murashige and Skoog (MS) medium (Himedia, Mumbai, India) supplemented with different concentrations of CuCl 2 (20 M, 40 M, and 80 M) along with control. The specified doses have been selected after considering the LD 50 of copper in P. ovata. The LD 50 of copper was found to be 120 M in case of P. ovate, and hence, a range of lower doses have been selected [18] . CuCl 2 (copper (II) Chloride) (Merck, Darmstadt, Germany) treatment was carried out for 24 h and 72 h to observe the changes of MT transcript levels.
2.2.
Genomic DNA Extraction. Genomic DNA was isolated from seedlings following the standard protocol of Edwards et al. [19] . Seedlings were crushed gently using DNA extraction buffer followed by a centrifugation to remove the tissue fragments. Supernatant was taken, and equal volume of phenol , chloroform (1 : 1) (SRL, Mumbai, India), was added to it. After that a centrifugation was carried out, and the supernatant was washed with equal volume of chloroform. Finally the clear upper aqueous phase was collected, and 3 M ammonium acetate and equal volume of isopropanol (SRL, Mumbai, India) were added and mixed. DNA was spooled with glass capillary and washed with 70% ethanol (SRL, Mumbai, India). Subsequently, the DNA was air dried and dissolved in sterile triple distilled water. The DNA was run in 1% agarose gel and spectrophotometrically scanned to check the quality and quantity.
2.3.
Total RNA Extraction. Total RNA was extracted from seedlings using RNeasy Plant Mini Kit (Qiagen, Hamburg, Germany) according to the manufacturer's protocol. All the glass goods were treated with diethyl pyrocarbonate (Sigma, St. Louis, USA) prior to RNA extraction. RNA was quantified spectrophotometrically. The extracted RNA was preserved at −70 ∘ C.
Primer Designing.
The primers for P. ovata MT2 were designed based on published sequences. Published sequences were taken using Blast search, and they were aligned using ClustalW. Primers were designed from those regions of Plantago major MT2 sequence showing best homology with other published sequences. The forward and reverse primers of MT2 were of 23 and 22 bases, respectively. The primers were designed in such a way so that their melting temperature would be close. The sequences of forward and reverse MT2 primers were 5 -TCTTGCTGCAACGGAAACTGTGG-3 and 5 -AGTTGTCACCGCACTTGCACCC-3 , respectively. Ubiquitin was taken as a housekeeping gene [20, 21] to normalize the reverse transcription PCR analysis. The sequences of ubiquitin primers were designed in the same procedure as described above. The sequences of forward and reverse primer of P. ovata ubiquitin were 5 -TGAAAACTTTTACAGGCAAGACC-3 and 5 -GAC-GGAGTACCAAATGGAGAGTG-3 , respectively.
Polymerase Chain Reaction (PCR) and Reverse Transcription Polymerase Chain Reaction (RT-PCR)
. PCR and RT-PCR were carried out using designed primers. Taq enzyme, Taq buffer, and MgCl 2 (magnesium chloride) used in PCR were brought from Genei (Bangalore, India) and were used according to the manufacturer's protocol. The thermal profile for PCR amplification of MT2 was as follows: 94 ∘ C for 2 min followed by 35 cycles at 94 ∘ C for 1 min, 62 ∘ C for 30 sec, and 72 ∘ C for 1 min 30 sec and a final extension at 72 ∘ C for 10 min. RT-PCR was carried out using One Step RT-PCR Kit (Qiagen, Hamburg, Germany) according to the manufacturer's protocol with the designed primers. The reverse transcription experiments were carried out using equal amounts of total RNA (2 g) extracted from copper stressed and control seedlings. Simultaneously, RT-PCR was also carried out for ubiquitin in the same conditions of experiment. This step was essential to estimate the efficiency of reverse transcription system after 25 cycles of amplification. PCR and RT-PCR was carried out using GeneAmp PCR System (Applied Biosystems, Carlsbad, USA). The thermal profile for RT-PCR amplification of MT2 was as follows 50 ∘ C for 30 min, 95
∘ C for 15 min followed by 25 cycles at 94 ∘ C for 1 min, 62
∘ C for 30 sec and 72 ∘ C for 1 min 30 sec and a final extension at 72 ∘ C for 10 min. The RT-PCR cycle for ubiquitin was: 50 ∘ C for 30 min, 95 ∘ C for 15 min followed by 25 cycles at 94 ∘ C for 1 min, 57 ∘ C for 1 min, and 72 ∘ C for 1 min 30 sec and a final extension at 72 ∘ C for 10 min. Aliquots of 25 L of the PCR and RT-PCR products were run on 1.5% and 2% agarose gel, respectively. The gels were stained with ethidium bromide, and photographs were taken using a Gel Documentation System (BioRad, Hercules, USA). All RT-PCR reactions were replicated at least thrice from three independent RNA preparations. The pixel intensity of the band in gel was quantified using ImageJ software. The obtained results were subjected to statistical analysis using Kyplot and Microsoft Excel. All data were expressed as mean ± standard error (SE). These data were analyzed by an analysis of variance (ANOVA). Group means were compared using Student's test if significance was found in ANOVA. Differences of the data were considered significant when ≤ 0.05.
Cloning and Sequence Analysis. Cloning and Sequence
Analysis of The PCR product of metallothionein type 2 was purified by PCR clean-up kit (Chromus Biotech, Bengaluru, India) according to the manufacturer's protocol. The Metallothionein gene fragment was cloned into the vector pTZ57R/T using the protocol provided in the InsTAclone PCR cloning Kit (Fermentas, St. Leon-Rot, Germany). E. coli XL 1-blue was used as a host strain. After cloning the purified plasmid, it was sequenced using universal primers. The primer sequences are 5 -GTAAAACGACGGCCAGT-3 and 5 -CAGGAAACAGC-TATGAC-3 . In case of ubiquitin, the PCR product was sequenced using gene specific primers. The sequences were analyzed using several programs such as BLASTN, BLASTX, BLASTP, and ClustalW [22, 23] . The deduced amino acid sequence of P. ovata MT2 was analyzed to detect the N-terminal sorting signal using iPSORT (http://ipsort.hgc.jp/), and to determine the pI value and molecular weight using ExPASy (http://www.expasy.ch/tools/) [22] . To determine the hydrophobic nature of the amino acids in the protein, a hydropathy plot was created using ExPASy-ProtScale (http:// web.expasy.org/protscale/) choosing Kyte & Doolittle scale, default parameters and window size 9. The disulfide bond partners in the P. ovata MT2 were predicted using DiANNA server (http://clavius.bc.edu/∼clotelab/ DiANNA/main.html). For better estimation of the relationships between P. ovata MT2 and other reported MTs, a phylogenetic tree was generated using Phylip 3.69 package (http://evolution.genetics.washington.edu/ phylip.html) enabling 100 bootstraps. Unique metallothionein sequences were selected from UniProt/Swiss-Prot knowledgebase (http://www.uniprot.org/docs/metallo. txt) [24, 25] . One sequence from each metallothionein subdivision was taken along with all plant MT (Family 15) to generate a significant phylogenetic tree. As primers were designed from the available closest species Plantago major, amino acid sequences of metallothionein of this species were included in the phylogenetic tree. Sequence file (Phylip format) was run using seqboot choosing 100 replicate and all other default parameters. The outfile of this program was run using protpars for parsimony based phylogenetic analysis keeping the number of jumbles set to 10 and all other parameters as default, the output tree of this program was run using consense. Finally the unrooted tree was constructed using njplot (http://pbil.univ-lyon1.fr/software/njplot.html).
Expression Analysis Using Real-Time PCR.
For metallothionein type 2 gene expression analysis, first strand cDNA was synthesized from total RNA (∼2 g) of all the treated (for 72 h with different concentrations of CuCl 2 ) samples using high-capacity RNA-to-cDNA kit (Applied Biosystems, USA) according to the manufacturer's instruction. Real-time PCR was carried out in Step One Plus Real-Time PCR thermocycler (Applied Biosystems, UK). Each reaction contained 2X Power Cyber Green PCR master mix (Applied Biosystems, UK), diluted cDNA, and 10 pmol gene specific primers. The sequences of forward and reverse primers used in realtime PCR were 5 -TCTTGCTGCAACGGAAACTGTGG-3 and 5 -AGTTGTCACCGCACTTGCACCC-3 , respectively. Following thermal conditions have been used: heating at 95 ∘ C for 10 min, 40 cycles of denaturation at 95 ∘ C for 15 sec, annealing and extension at 60 ∘ C for 1 min followed by a melt curve analysis to ensure the amplification of only the desired amplicon. A gene encoding P. ovata actin was used as endogenous control. The primers used to amplify actin were 5 -ATCATGAAGTGTGATGTTGA-3 (forward) and 5 -ACCTTAATCTTCATGCTGCC-3 (reverse). The relative gene expression was conducted using the 2 −ΔΔCT method [26] . The data of relative gene expression were analyzed by
Step One software version 2.1 (Applied Biosystems, UK). All the experiments were performed in triplicate. A negative control was included in each reaction. The results presented here are means of three replicates, and the bars indicate standard deviation. Statistical significance of real-time experiment results were analyzed by analysis of variance (ANOVA) using Kyplot software.
Molecular Modeling of P. ovata MT2.
The deduced amino acid sequence of P. ovata MT2 (complete coding region) was submitted to ModWeb server (https://modbase.compbio.ucsf.edu/scgi/modweb.cgi) for comparative protein structure modeling choosing default parameters [27] . ModWeb performs automated comparative modeling which relies on PSI-BLAST, IMPALA, and MODELLER [28] . This server uses ModPipe (version SVN.r1340:1348M) as underlying software pipeline. Human ADAM22, chain A (Protein Data Bank ID 3G5C) was used as template structure (template region 447-523) for modeling of P. ovata MT2. The structure was reconstructed using the DeepView/Swiss-PdbViewer3.7 [15] .
Result and Discussion
Cloning and Sequence
Analysis. PCR was carried out using genomic DNA, and a 578 bp fragment was found. This fragment was purified, cloned, and sequenced (Figure 1(a) ).
On the other hand, RT-PCR was carried out using total RNA, and a 214 bp fragment was found which was also purified, cloned, and sequenced (Figure 1(a) ). Comparing both the sequences, it was found that the type 2 metallothionein gene of P. ovata has 3 exons (0-63, 222-308, and 515-577) and 2 introns (64-221 and 309-514) in its sequence. MT2 of some other plant species also show 3 exons and 2 introns like Helianthus annuus (GenBank accession no. EF431954), Typha angustifolia (GenBank accession no. 
EF543085), and Hordeum vulgare (GenBank accession no. JN997433).
After splicing out of the introns, P. ovata forms a 214 bp MT2 mRNA. This sequence was searched for similar other sequences with the help of BLAST tool and many other sequences of metallothionein type 2 were found with 75-90% of sequence identity, for example, Plantago major MT2, Avicennia marina MT2, and Ilex paraguariensis (GenBank accession numbers are AJ843994, AF333385, and JX271039, resp.). The deduced amino acid sequence was also searched by BLASTp tool to confirm that the obtained sequence was of metallothionein type 2. The resultant nucleotide sequence was aligned with some other reported metallothionein type 2 with the help of ClustalW, and similarity was found. BLASTp analysis of the deduced amino acid sequence also showed that the fragment conformed to metallothionein type 2 super family. Finally, it was confirmed that the cloned sequence was of P. ovata metallothionein type 2. The successfully isolated partial coding regions of MT2 gene and mRNA sequences of P. ovata were submitted to GenBank with the accession numbers GU596501 and GU596503, respectively, and these were the first sequences of metallothionein from this species. A later study by our group has sequenced the complete coding regions of MT2 from P. ovata (PoMT2) (Figure 1 using iPSORT predicted that it does not have any mitochondrial targeting peptide or chloroplast transit peptide. Using DiANNA server, it was found that the PoMT2 has 7 predicted disulfide bond between 3-8, 4-75, 10-67, 14-20, 16-78, 23-80, and 69-73 amino acid positions. The terminal domain contained 0% aromatic, 26.3% nonpolar aliphatic, 60.5% polar, and 10.5% charged amino acids. In case of spacer region, these values were 9.3%, 41.9%, 30.2% and 18.6% respectively. This protein sequence of PoMT2 was compared using ClustalW and Blastp indicates that PoMT2 has 84% sequence identity to the MT2 encoded by Plantago major followed by Avicennia marina 72% identity, and Citrullus lanatus at 70%. It has been reported that class I MTs contain 20 highly conserved C residues showing homology to mammalian MTs whereas MTs without this strict arrangement of cysteines are referred to as class II MTs. These MTs do not show homology to mammalian MTs. Type 2 MTs contain CC, CXC, and CXXC motifs in the N-terminal and CXC motif in the C-terminal domain. X can be any amino acid other than cysteine. It also contains a CGGC motif at the end of the N-terminal cysteinerich domain and a spacer of approximately 40 amino acid residues [12, 15] . In the present experiment, PoMT2 follows all these criteria confirming that the isolated metallothionein is a class II Type 2 plant metallothionein.
The reverse transcription PCR product for ubiquitin was sequenced. A 204 bp sequence was obtained (Figure 2 ) (encoding 67 amino acids) which was searched for similar other sequences with the help of BLAST tool as described above. It was found that the cloned sequence showed a good similarity with some other published ubiquitin sequences. For further confirmation, the deduced amino acid sequence was also searched by BLASTp tool, and 99% sequence identity was found with other reported ubiquitin sequences of Arabidopsis thaliana, Plantago major, Musa acuminate, and Medicago truncatula (GenBank accession numbers are AAB95251, CAH56488, AAQ07454, and AET01627, resp.). Finally, it was submitted to GenBank with the accession number JQ419758. It was the first ubiquitin sequence of P. ovata.
Expression of PoMT2 Transcript in Different Stress Condition.
To characterize PoMT2 transcript accumulation, total RNA extracted from various stress conditions were subjected to reverse transcription (RT)-PCR reaction. The seedlings were treated with 0, 20, 40, and 80 M of CuCl 2 solutions for 24 h and 72 h (Figure 3) . In each case, 25 cycles of PCR reaction with first strand cDNA was carried out. All the reactions showed the presence of a 214 bp band. The intensity of the band was maximum in 40 M CuCl 2 treated sample (after 24 h) which was 42.5% higher as compared to control. PoMT2 expression level was upregulated by all the three concentrations of CuCl 2 after 72 h. The expression of PoMT2 was found to be higher in 40 M (144.6%) and 80 M (111%) treated samples than control. In our experiment, we have compared the expression level of MT2 with that of ubiquitin under similar experimental conditions. The result indicated an enhancement of MT type 2 expression with increasing doses of copper treatment.
Real-time PCR was used for more precise analysis of expression pattern of metallothionein type 2 gene. The results of real-time PCR clearly indicated stress induced accumulation of MT2 transcript (Figure 4) . At lower doses, the expression of MT2 slightly increased with respect to control but at higher doses a marked increase in expression has been observed. Highest expression (4.9-fold) was found in 40 M treated sample. However, in 80 M treated sample MT2 expression was decreased slightly than 40 M dose but still remained higher (4.2-fold) than control. These results are clearly in agreement with the data obtained in reverse transcription PCR. Almost similar expression pattern was reported for MT2 in Arabidopsis [18] . In this species, MT2a mRNA was induced strongly whereas MT2b mRNA levels increased only slightly upon exposure to copper [29] . In another experiment, Physcomitrella patens MT2 transcript was also induced by copper stress [30] . Significant increase in the MT2 transcripts level of Bruguiera gymnorrhiza was also found in response to heavy metals like zinc, copper and lead [31] . The current data suggest that higher doses of copper stress upregulate MT2 expression in plant which in turn results in a protection system against this metal.
Structure Prediction and Phylogenetic
Analysis. Homology modeling was used to construct PoMT2 structure. This protein has three significant regions. The N-terminal (residues 1-23) and C-terminal (residues 67-81) Cys rich metal binding domains were fairly conserved with other sequences whereas the spacer region (residues 24-66) was variable. These three regions of PoMT2 were modeled together using ModWeb server. As the protein data bank did not contain any plant MT structure with a sequence that would be sufficiently similar to the complete sequence of this protein, human ADAM22 (Protein Data Bank ID 3G5C) was used as template structure. 3D structure was made with E-value of 0.015 and 25.00% sequence identity. The final structure was shown with RMSD value 12.227Å IDs are Q5ZF75, Q40158, Q40396, P43390, O24058, P43396, P25860, P69163, Q39269, P69164, Q38805, P56168,  P56172, P56170, P30564, Q39459, P43398 , and Q41657, resp.). with respect to the template. The resulting structures of Nand C-terminal Cys rich domain showed a single -helix and -sheet, respectively, whereas spacer region showed five -sheets (46.5% of spacer) at the core of the protein. A similar structure was found in the spacer region of Triticum durum [15] . According to the hydropathy plot ( Figure 5 ) of PoMT2 most of the amino acids residing in spacer region showed high score for hydrophobicity whereas the score was overall low for C-terminal amino acid residues. Leucine (at 46 position) showed the highest score of +1.522 whereas Lysine (at position 68) showed the lowest score of −1.522.
A phylogenetic tree (see Supplementary Figure in Supplementary Material available online at http://dx.doi .org/10.1155/2013/756983) was constructed using Phylip 3.69 package enabling 100 bootstraps. Only the important (for P. ovata MT2) cluster of total phylogenetic tree is shown in Figure 6 . The phylogenetic analysis suggested that PoMT2 was highly similar to MT2 of P. major. These two MT2s might originate from a common evolutionary ancestry. These two proteins mainly differ with respect to the sequence of amino acids in the spacer region. The closest neighbor of P. ovata MT2 happened to be MT2 of Solanum lycopersicum. Multiple sequence alignment ( Figure 5 ) of PoMT2 with other plant MT2s supported this data. It revealed that both the terminal metal binding regions were highly conserved in most of the species, and the spacer regions varied between species. The hydropathy plot indicated that the spacer formed the core scaffold of the proteins. Basically, the lack of sequence identity of this spacer region reflected different structural motifs for the same protein in different plants, whereas the N-and C-terminal domains are conserved indicating their functional importance. Having different conformations but similar functionality, which is apparent from our phylogenetic analysis (Figure 6 ), would indicate that the same class of protein would behave differentially under different stress conditions, which would be guided by their 3D-conformations. In PoMT2, at least five motifs could be identified which are distinct in terms of the nature of the amino acids and would likely contribute to a novel fold of the protein. This behavioral difference was reported in Polulus alba where it showed that MT2 transcript level was decreased with increasing time of copper treatment [32] .
Conclusion
A class II type 2 MT gene, designated as PoMT2, was successfully isolated from Plantago ovata. The sequence of this protein showed similarity with other reported MT2s. Molecular modeling and characterization of this protein were carried out. The distinct amino acid sequences of P. ovata belonged to the spacer region. Like other plant MT2s, PoMT2 was found to be upregulated under copper stress as a defense of the plant system. These data suggest that the spacer region is not involved in heavy metal detoxification but it has an evolutionary significance. Since detailed knowledge of the protein structure is required to know its biological functions, the predicted three-dimensional structures of PoMT2 will certainly smooth the way to understand the guidelines for future experiments.
